A combined ultrasonic and photoacoustic imaging system is presented that is capable of deep tissue imaging. The system consists of a modified clinical ultrasound array system and tunable dye laser pumped by a Nd:YAG laser. The system is designed for noninvasive detection of sentinel lymph nodes and guidance of needle biopsies for axillary lymph node staging in breast cancer patients. Using a fraction of the American National Standards Institute (ANSI) safety limit, photoacoustic imaging of methylene blue achieved penetration depths of greater than 5 cm in chicken breast tissue. Photoacoustic imaging sensitivity was measured by varying the concentration of methylene blue dye placed at a depth of 3 cm within surrounding chicken breast tissue. Signal-to-noise ratio, noise equivalent sensitivity, and axial spatial resolution were quantified versus depth based on in vivo and chicken breast tissue experiments. The system has been demonstrated in vivo for detecting sentinel lymph nodes in rats following intradermal injection of methylene blue. These results highlight the clinical potential of photoacoustic image-guided identification and needle biopsy of sentinel lymph nodes for axillary staging in breast cancer patients.
INTRODUCTION
To minimize post-operative complications of axillary lymph node dissection (ALND), sentinel lymph node biopsy (SLNB), a biopsy of the first draining lymph node in breast cancer region, is the standard process for staging breast cancer patients. 1 Although current SLNB using methylene blue dye and radioactive materials have an identification rate of 90-95% and a sensitivity of 88-95%, this method is ionizing and invasive. Moreover, the false negative rate is still 5-10%. 2, 3 In addition, due to the surgical removal of the sentinel lymph node, the SLNB still poses postoperative complications like ALND, including lymphedema, seroma formation, impairment of shoulder movement, and postoperative pain. 4 As a minimally invasive method to reduce abovementioned complications, ultrasound-guided fine needle aspiration biopsy (FNAB) has been tested clinically. 5 Yet, ultrasound imaging itself cannot distinguish the sentinel lymph node from other lymph nodes. Therefore, there is still a pressing need to develop an accurate, reliable, non-ionizing, and non-invasive detection method for lymph node assessment.
Photoacoustic (PA) imaging is an optical imaging modality that can provide strong optical contrast and high ultrasonic resolution. 6, 7 The image resolution can be tuned with ultrasonic frequency within the reach of diffusive photons. Moreover, the pixel number, defined as the ratio of the maximum imaging depth to the spatial resolution, exceeds 100 for PA imaging. In biological tissues, the imaging depth can be up to a few centimeters deep. Methylene blue, indocyanine green, and gold nanoparticles have been applied as lymph node tracers in rats in vivo using PA imaging. [8] [9] [10] [11] [12] We previously reported in vivo PA and US mapping of rat sentinel lymph nodes (SLNs) using a hand-held probe adapted from a clinical US imaging system. [10] [11] [12] In this proceedings paper, we quantified signal-to-noise ratio (SNR), axial spatial resolution, and sensitivity of the hand-held PA probe by measuring chicken breast tissue ex vivo and in vivo rat SLNs. reast tissue wa y (Fig. 4) 
